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(57) ABSTRACT

The present invention discloses a dry etching method. The dry
ctching method comprises: etching a first medium layer;
introducing a second reaction gas in a reaction chamber, and
exciting the second reaction gas 1nto plasmas with a second
radiofrequency power, so that the plasmas formed from the
second reaction gas are combined with particulate pollutants
in the reaction chamber, and 1n this case the reaction chamber
1s vacuumized to perform conversion processing; and etching
a second medium layer. The technical solution of the present
invention i1s capable of effectively preventing particulate pol-
lutants from falling onto the glass substrate 1n the procedure
of executing conversion processing, meanwhile, the effect of
chamber puritying through vacuumizing is improved, and the
amount ol the particulate pollutants in the reaction chamber 1s
elfectively reduced.

8 Claims, 4 Drawing Sheets
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Introducing a second reaction gas inta a reaction
 chamber, and exciting the second reaction gas into
 plasmas with a second radiofrequency power, so that the
 plasmas formed from the second reaction gas are
combined with particulate pollutants in the reaction
 chamber, and vacuumizing processing is performed on

the reaction chamhber
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1
DRY ETCHING METHOD

FIELD OF THE INVENTION

The present invention relates to the field of display tech-
nology, and particularly relates to a dry etching method.

BACKGROUND OF THE INVENTION

Dry etching 1s a technology for carrying out thin film
etching by using of plasmas. Gases have two characteristics 1n
the case of existing 1n the form of plasmas: on one hand, the
chemical activities of the gases 1n the form of plasmas are
much higher than those of the gases in a normal state, there-
fore selecting a proper gas according to different etched mate-
rials can make 1t reacting with the materials more quickly, so
as to realize the purpose of etching removal; on the other
hand, the plasmas can also be guided and accelerated by an
clectric field so as to accumulate a certain energy, and atoms
ol the etching object material are struck out while the plasmas
strike the surface of the etching object, thus achieving the
purpose of realizing etching by physical energy transfer.

In a process of producing a display panel, a plurality of
medium layers on a glass substrate need to be etched by dry
ctching, and a step of “conversion processing” needs to be
performed once after each medium layer 1s etched. The “con-
version processing’’ 1s used for creating a clean environment
for etching for another medium layer. The conventional “con-
version processing” generally comprise steps of turning oif a
radiofrequency module 1n a dry etching equipment and stop-
ping introducing a reaction gas used for etching a previous
medium layer into a reaction chamber, and meanwhile, per-
forming vacuumizing processing on the reaction chamber by
a vacuum pump.

After the “conversion processing” 1s finished, a reaction
gas required for etching a next medium layer 1s itroduced
into the reaction chamber, and the radiofrequency module 1s
turned on again to excite the reaction gas to form 1nto plas-
mas, so as to etch the next medium layer.

However, when the “conversion processing” 1s performed,
introducing the gas into the reaction chamber 1s stopped, and
the radiofrequency module 1s turned off, thus the plasmas in
the reaction chamber are suddenly extinguished. At this
moment, particulate pollutants suspending in the plasmas
may fall onto the glass substrate, and thus cause pollution to
subsequent manufacture procedures, which results in defec-
tiveness of the display panel.

SUMMARY OF THE INVENTION

The present invention provides a dry etching method
capable of effectively preventing particulate pollutants from
falling onto the glass substrate i a process ol performing
“conversion processing’, meanwhile, the effect of puritying
through vacuumizing 1s improved, and the amount of the
particulate pollutants in the reaction chamber 1s effectively
reduced.

In order to realize the object above, the present invention
provides a dry etching method, comprising steps of: etching a
first medium layer 1n a reaction chamber; performing conver-
s10n processing by vacuumizing the reaction chamber; and
ctching a second medium layer in the reaction chamber,
wherein the step of performing conversion processing further
comprises: introducing a second reaction gas 1nto the reaction
chamber, and exciting the second reaction gas into plasmas
with a second radiofrequency power, so that the plasmas
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formed from the second reaction gas are combined with par-
ticulate pollutants 1n the reaction chamber.

Optionally, the step of etching the first medium layer com-
prises: introducing a first reaction gas into the reaction cham-
ber, and exciting the first reaction gas into plasmas with a first
radiofrequency power, so that the plasmas formed from the
first reaction gas are used for etching the first medium laver,
wherein the second radiofrequency power is less than the first
radiofrequency power.

Optionally, the step of etching the second medium layer
comprises: introducing a third reaction gas 1nto the reaction
chamber, and exciting the third reaction gas into plasmas with
a third radiofrequency power, so that the plasmas formed
from the third reaction gas are used for etching the second
medium layer, wherein the third radiofrequency power 1s
greater than the second radiofrequency power.

Optionally, the second reaction gas 1s the same as the third
reaction gas.

Optionally, the second radioirequency power ranges from
500 to 2000 W,

Optionally, the second reaction gas 1s an 1nert gas.

Optionally, the mert gas 1s argon or helium.

Optionally, 1n the process of exciting the second reaction
gas 1nto plasmas with the second radiofrequency power, a gas
pressure 1n the reaction chamber 1s less than 20 mit.

In the dry etching method according to the present inven-
tion, after a first medium layer 1s etched, plasmas are formed
by mntroducing a second reaction gas 1nto a reaction chamber,
and exciting the second reaction gas with a second radiofre-
quency power, so that the plasmas formed from the second
reaction gas are combined with particulate pollutants in the
reaction chamber so as to form dust plasmas, and 1n this case
the reaction chamber 1s vacuumized to perform conversion
processing, therefore, the technical solution of the present
invention 1s capable of effectively preventing particulate pol-
lutants from falling onto the glass substrate 1n the procedure
of performing conversion processing, meanwhile, the effect
of purnifying through vacuumizing is improved, and the
amount ol the particulate pollutants in the reaction chamber 1s
elfectively reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a flow diagram of the dry etching method pro-
vided by a first embodiment of the present invention.

FIG. 2 1s a flow diagram of the dry etching method pro-
vided by a second embodiment of the present invention.

FIG. 3 1s a flow diagram of the dry etching method pro-
vided by a third embodiment of the present invention.

FIG. 4 1s a flow diagram of the dry etching method pro-
vided by a fourth embodiment of the present invention.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(Ll

To make a person skilled 1n the art better understand the
technical solution of the present invention, the dry etching
method provided by the present invention 1s described in
details below in combination with the accompanying draw-
ngs.

First Embodiment

FIG. 1 1s a flow diagram of the dry etching method pro-
vided by the first embodiment of the present mvention. as
shown i FIG. 1, the dry etching method comprising the
following steps 101, 102 and 103.

Step 101: etching a first medium layer 1n a reaction cham-
ber.
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Step 102: introducing a second reaction gas into the reac-
tion chamber, and exciting the second reaction gas into plas-
mas with a second radioirequency power, so that the plasmas
formed from the second reaction gas are combined with par-
ticulate pollutants 1n the reaction chamber, and then conver-
sion processing 1s performed by vacuumizing the reaction
chamber.

The difference between the present invention and the back-
ground art lies in that: when the conversion processing is
performed, the second reaction gas i1s introduced into the
reaction chamber, and the radiofrequency module keeps
working, at this moment, the second reaction gas 1s excited
into plasmas with the second radiofrequency power provided
by the radioirequency module, and the plasmas formed from
the second reaction gas are combined with the particulate
pollutants 1n the reaction chamber 1n order to form dust plas-
mas, thus ensuring that the particulate pollutants in the reac-
tion chamber are 1n a suspended state. In such case, the effect
of purilying the chamber can be effectively realized through
p vacuumizing processing for the reaction chamber.

By executing step 102, the particulate pollutants 1n the
reaction chamber keep 1n the suspended state after the first
medium layer 1s etched 1n step 101, thus preventing the par-
ticulate pollutants from falling onto the glass substrate, which
may cause pollution to the subsequent manufacture proce-
dures. At this moment, the vacuumizing processing 1s per-
tormed for the reaction chamber by the vacuum pump, and the
suspended particulate pollutants are extracted, thus achieving
the purpose of effectively cleaning the reaction chamber.

It should be noted that, 1n step 102 of the embodiment,
firstly exciting the second reaction gas into plasma, and a
while after the vacuumizing processing 1s carried out. Alter-
natively, the exciting into plasma and vacuumizing may be
executed simultaneously.

Step 103: etching a second medium layer 1n the reaction
chamber.

After step 102 1s executed, the interior of the reaction
chamber and the surface of the second medium layer are 1n a
clean state, thus ensuring procedure of the etching process for
the second medium layer to be effectively.

It should be noted that, the dry etching method provided by
the present invention 1s not limited to etching two medium
layers. Three or more medium layers may be etched by
repeatedly executing step 102 and step 103.

According to the dry etching method provided by the first
embodiment of the present invention, after the first medium
layer 1s etched, the plasmas are formed by introducing the
second reaction gas 1nto the reaction chamber and exciting the
second reaction gas with the second radiofrequency power, so
that the plasmas formed from the second reaction gas are
combined with the particulate pollutants 1n the reaction
chamber to form the dust plasmas, and then the vacuumizing
processing 1s performed for the reaction chamber, so as to
complete one conversion processing. The technical solution
of the present mvention 1s capable of effectively preventing
particulate pollutants from falling onto the glass substrate in
the procedure ol performing the conversion processing,
meanwhile, the etffect of chamber purifying through vacu-
umizing 1s improved, and the amount of the particulate pol-
lutants 1n the reaction chamber 1s effectively reduced.

Second Embodiment

FIG. 2 15 a flow diagram of the dry etching method pro-
vided by the second embodiment of the present invention. As
shown 1 FIG. 2, the dry etching method comprising the
tollowing steps 201, 202, 203 and 204.

Step 201: introducing a first reaction gas into the reaction
chamber, and exciting the first reaction gas into plasmas with
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4

a first radiofrequency power, so that the plasmas formed from
the first reaction gas are used for etching the first medium
layer.

Step 201 15 the same as the process of etching a medium
layer by plasmas 1n the prior art, and the specific contents and
optional modes are not described redundantly herein.

Step 202: introducing a second reaction gas 1nto the reac-
tion chamber, and exciting the second reaction gas into plas-
mas with a second radioirequency power, so that the plasmas
formed from the second reaction gas are combined with par-
ticulate pollutants in the reaction chamber. The second radioi-
requency power 1s less than the first radiofrequency power.

In the process of executing step 202, the second radioire-
quency power 1s less than the first radiofrequency power, thus
the amount of the plasmas formed from the second reaction
gas 1n the reaction chamber 1s small. Therefore, the etching
cifect of the plasmas formed from the second reaction gas on
the second medium layer 1s low, thus reducing the influence of
the step 202 on the subsequent etching process for the second
medium layer. Optionally, the second radiofrequency power
ranges from 500 to 2000 W.

In order to further reduce the etching effect of the plasmas
formed from the second reaction gas on the second medium
layer, 1n the embodiment, the amount of the plasmas 1n the
reaction chamber can also be reduced by reducing the amount
of the second reaction gas introduced into the reaction cham-
ber, such that the etching effect of the plasmas in the reaction
chamber on the second medium layer 1s reduced. Optionally,
in the process of executing step 202, the gas pressure 1n the
reaction chamber 1s less than 20 mt.

Step 203: performing vacuumizing processing to the reac-
tion chamber.

It should be noted that, 1n the embodiment, firstly step 202
1s executed, and a while after step 203 1s executed. Alterna-
tively, step 202 and step 203 may be executed simultaneously.

Step 204: introducing a third reaction gas into the reaction
chamber, and exciting the third reaction gas into plasmas with
a third radiofrequency power, so that the plasmas formed
from the third reaction gas are used for etching the second
medium layer. The third radiofrequency power 1s greater than
the second radiofrequency power.

The etching process of step 204 1s the same as the process
of etching a medium layer by plasmas 1n the prior art, and the
specific contents and optional modes are not described redun-
dantly herein. Preferably, the third radiofrequency power 1n
step 204 1s greater than the second radiofrequency power, and
then an enough amount of plasmas of the third reaction gas
can be formed, thus effectively etching the second medium
layer.

In the embodiment, it should be noted that, after step 203 1s
executed, a minim amount of the second reaction gas may still
exist 1 the reaction chamber, and 1 order to prevent the
second reaction gas and the third reaction gas from reacting
with each other and thus to influence the proceeding of step
204, the second reaction gas and the third reaction gas may be
the same gas, or the second reaction gas 1s an inert gas such as
helium or argon.

It should be noted that, the first reaction gas, the second
reaction gas and the third reaction gas 1n the embodiment may
be a single gas or a mixed gas respectively.

According to the dry etching method provided by the sec-
ond embodiment of the present invention, after the first
medium layer 1s etched, the plasmas are formed by introduc-
ing the second reaction gas into the reaction chamber, and
exciting the second reaction gas with the second radiofre-
quency power, so that the plasmas formed from the second
reaction gas are combined with particulate pollutants in the
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reaction chamber to form the dust plasmas, and in this case the
reaction chamber 1s vacuumized to perform conversion pro-
cessing. Therefore, the technical solution of the present
invention 1s capable of effectively preventing particulate pol-
lutants from falling onto the glass substrate 1n the procedure
of executing conversion processing, meanwhile, the effect of
chamber purifying through vacuumizing is improved, and the
amount of the particulate pollutants in the reaction chamber 1s
elfectively reduced.

Third Embodiment

In the third embodiment of the present invention, the dry
ctching method provided by the present invention 1s
described by taking a process of forming a passivation layer
and a gate isulation layer 1n a thin film transistor (referred to
as TFT) for example, in which the passivation layer 1s located
above the gate insulation layer. Although the materials of both
the gate msulation layer and the passivation layer are silicon
nitride (with a chemical formula of S1;N,,), the hardness of the
passivation layer 1s higher than that of the gate insulation
layer, therefore, two-step etching 1s required to be carried out.
Reaction gases selected 1n the process of etching the silicon
nitride material to form the patterns of the passivation layer
and the gate isulation layer are the same, and are the mixed
gas of oxygen and sulphur hexatluoride.

FIG. 3 15 a flow diagram of the dry etching method pro-
vided by the third embodiment of the present invention, as
shown 1n FIG. 3, the dry etching method comprising the
following steps 301, 302, 303 and 304.

Step 301: exciting a first reaction gas composed of oxygen
and sulphur hexatluoride 1n an environment with a radiofre-
quency power of 10000-20000 W and a gas pressure of 100-
150 mt 1n a reaction chamber to form plasmas, and etching a
silicon nitride material by the plasmas formed from the first
reaction gas to form the pattern of a passivation layer.

Step 302: exciting a second reaction gas composed of
oxygen and sulphur hexafluoride in an environment with a
radiofrequency power of 500-2000 W and a gas pressure of
0-20 mt 1n a reaction chamber to form plasmas, and combin-
ing the plasmas formed from the second reaction gas with
particulate pollutants in the reaction chamber.

It should be noted that, 1n the embodiment, since the first
reaction gas for etching the passivation layer and a third
reaction gas for etching a gate insulation layer are the same,
and are the mixed gas of oxygen and sulphur hexafluoride, the
second reaction gas 1s selected the same as the first reaction
gas and the third reaction gas 1n order to prevent the second
reaction gas from reacting with the first reaction gas or the
third reaction gas. Meanwhile, the second reaction gas 1s the
same as the first reaction gas and the third reaction gas, so that
the need of arranging additional gas 1nlet equipment and gas
storage equipment 1s further avoided, thus reducing the cost
of the equipment.

Meanwhile, the radiofrequency power in step 302 1s also
less than the radiofrequency powers in step 301 and the sub-
sequent step 304.

Step 303: performing vacuumizing processing to the reac-
tion chamber.

In the embodiment, step 302 may be executed at first, and
then step 303 1s executed a while after step 302. Alternatively,
step 302 and step 303 may be executed simultaneously.

Step 304: exciting the third reaction gas composed of oxy-
gen and sulphur hexafluoride 1n an environment with a radiot-
requency power of 8000-15000 W and a gas pressure of
100-150 mt 1n a reaction chamber to form plasmas, and etch-
ing a silicon nitride material by the plasmas formed from the
third reaction gas to form the pattern of the gate insulation
layer.
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Since the etching effect of the plasmas of the second reac-
tion gas generated 1n step 302 on the silicon nitride material of
the gate insulation layer 1s relatively low, execution for step

304 1s not influenced by step 302.

According to the dry etching method provided by the third
embodiment of the present invention, after the silicon nitride
material 1s etched to form the pattern of the passivation layer,
the plasmas are formed by introducing the second reaction
gas composed of oxygen and sulphur hexafluoride in the
reaction chamber, and exciting the second reaction gas with
the radioirequency power of 500-2000 W, so that the plasmas
formed from the second reaction gas are combined with the
particulate pollutants 1n the reaction chamber to form the dust
plasmas, and 1n this case the reaction chamber 1s vacuumized
to execute conversion processing, therefore, the technical
solution of the present invention i1s capable of eflectively
preventing particulate pollutants from falling onto the glass
substrate 1n the procedure of executing conversion process-
ing, meanwhile, the effect of chamber puritying through
vacuumizing 1s improved, and the amount of the particulate
pollutants 1n the reaction chamber 1s effectively reduced.

Fourth Embodiment

In the fourth embodiment of the present invention, the dry
ctching method provided by the present invention 1is
described by taking a process of etching a photoresist layer
and an amorphous silicon layer for example, 1n which the
photoresist layer 1s located above the amorphous silicon
layer. A reaction gas selected 1n the process of etching the
photoresist layer 1s a mixed gas composed of oxygen and
sulphur hexafluoride, whereas a reaction gas selected 1n the
process of etching the amorphous silicon layer 1s a mixed gas
composed of chlorine and sulphur hexatluoride.

FIG. 4 1s a flow diagram of the dry etching method pro-
vided by the fourth embodiment of the present invention. As
shown 1 FIG. 4, the dry etching method comprising the
tollowing steps 401, 402, 403 and 404.

Step 401: exciting a first reaction gas composed of oxygen
and sulphur hexatluoride 1n an environment with a radiofre-
quency power of 10000-20000 W and a gas pressure of 100-
150 mt 1n a reaction chamber to form plasmas, and etching a
photoresist layer by the plasmas formed from the first reac-
tion gas.

Step 402: introducing a second reaction gas composed of
helium and argon into the reaction chamber, exciting the
second reaction gas 1n an environment with a radiofrequency
power of 500-2000 W and a gas pressure of 0-20 mt to form
plasmas, and combining the plasmas formed from the second
reaction gas with particulate pollutants in the reaction cham-
ber.

It should be noted that, in the embodiment, since the first
reaction gas for etching the photoresist layer 1s different from
a third reaction gas for etching an amorphous silicon layer, 1n
order to prevent the second reaction gas from reacting with
the first reaction gas or the third reaction gas, a mixed gas
composed of nert gases 1s used as the second reaction gas.

Meanwhile, the radiofrequency power 1n step 402 1s also
less than the radiofrequency powers 1n step 401 and the sub-
sequent step 404.

Step 403: performing vacuumizing processing to the reac-
tion chamber.

In the embodiment, step 402 may be executed at first, and
then step 403 1s executed a while after step 402. Alternatively,
step 402 and step 403 may be executed simultaneously.

Step 404: exciting the third reaction gas composed of chlo-
rine and sulphur hexatluoride 1n an environment with a
radiofrequency power ol 10000-20000 W and a gas pressure
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of 100-150 mt 1n the reaction chamber to form plasmas, and
etching the amorphous silicon layer by the plasmas formed
from the third reaction gas.

Since the etching effect of the plasmas generated 1n step
402 on the amorphous silicon material 1s low, execution for
step 404 1s not influenced by step 402.

According to the dry etching method provided by the
fourth embodiment of the present invention, after the photo-
resist layer 1s etched, the plasmas are formed by mtroducing,
the second reaction gas composed of helium and argon 1nto
the reaction chamber, and exciting the second reaction gas
with the second radiofrequency power of 500-2000 W, so that
the plasmas formed from the second reaction gas are com-
bined with particulate pollutants in the reaction chamber to
form the dust plasmas, and 1n this case the reaction chamber
1s vacuumized to execute conversion processing, therelfore,
the technical solution of the present invention 1s capable of
cifectively preventing particulate pollutants from falling onto
the glass substrate 1n the procedure of executing conversion
processing, meanwhile, the effect of chamber purifying
through vacuumizing 1s improved, and the amount of the
particulate pollutants 1n the reaction chamber 1s effectively
reduced.

It should be appreciated that, the foregoing implementa-
tions are merely specific implementations adopted for illus-
trating the principle of the present mnvention, but the protec-
tion scope of the present invention 1s not limited thereto.
Various variations and improvements could be made by those
of ordinary skill in the art without departing from the spirit
and essence of the present invention, but the vanations and
improvements are still considered to be within the patent
protection scope of the present ivention.

The mvention claimed 1s:

1. A dry etching method, comprising steps of:

etching a first medium layer on a substrate in a reaction

chamber by a first gas as a reaction gas with a {first
radiofrequency power level provided by a radiofre-
quency module;

introducing a second gas into the reaction chamber while

the radiofrequency module keeps working and exciting
the second gas ito a plasma with a second radioire-
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quency power level while the radiofrequency module
keeps working, so that the plasma formed from the sec-
ond gas 1s combined with particulate pollutants in the
reaction chamber to form a dust plasma, and the particu-
late pollutants keep 1n a suspended state instead of fall-
ing onto the substrate after the first medium layer is

etched;

pumping down the reaction chamber to a vacuum; and

ctching a second medium layer on the substrate in the

reaction chamber by a third gas as a reaction gas.
2. The dry etching method according to claim 1, wherein
the step of etching the first medium layer comprises:
introducing the first reaction gas into the reaction chamber,
and exciting the first gas into plasma with the first radiod-
requency power level, so that the plasma formed from
the first gas are used for etching the first medium layer,

wherein the second radiofrequency power level 1s less than
the first radiofrequency power level.

3. The dry etching method according to claim 1, wherein
the step of etching the second medium layer comprises:

introducing a third gas 1n the reaction chamber, and excit-

ing the third gas into plasma with a third radiofrequency
power level, so that the plasma formed from the third gas
are used for etching the second medium layer,

wherein the third radiofrequency power level 1s greater

than the second radiofrequency power level.

4. The dry etching method according to claim 3, wherein
the second gas 1s the same as the third gas.

5. The dry etching method according to claim 1, wherein
the second radiofrequency power level ranges from 500 to
2000 W,

6. The dry etching method according to claim 1, wherein
the second gas 1s an 1nert gas.

7. The dry etching method according to claim 6, wherein
the mert gas 1s argon or helium.

8. The dry etching method according to claim 1, wherein in
the process of exciting the second gas mto plasma with the
second radiofrequency power level, a gas pressure 1n the
reaction chamber 1s less than 20 mt.
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